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Available Transfer Capability

e Linear analysis method for solving the Available
Transfer Capability (ATC)

e Utilizes the techniques for calculating linear
sensitivities for PTDFs, LODFs and OTDFs

e Available with the ATC add-on for Simulator
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Why Use Linear Techniques?

 Non-linear technique requires thousands of power flow solutions to
examine even a relatively small number of monitored elements
under a relatively small number of contingencies

Each contingency must be solved separately

Under each contingency, power transfer needs to be modeled for each
monitored element separately

ATC for a limiting element/contingency pair is obtained when the
monitored element is loaded to its specified limit

Iterative process required to determine the power transfer that loads
each monitored element to its limit

Process is very time consuming

e Linear techniques only require a single power flow solution (must
start with a solved power flow case) and provide accurate results in a
fraction of the time even for a large number of monitored elements
and contingencies
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Why Use Linear Techniques?

Implement Power Transfers
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Input for Available Transfer Capability
(ATC)

 The input for ATC is

— Power flow case

— A list of contingencies
— A buyer (sink) and seller (source) of power

 ATC will then determine how much power can
be transferred between the buyer and seller

— Will not allow overloads in the power system

— Will not allow overloads after a contingency occurs
either
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What does ATC determine?

e The ATC tool looks at every possible combination of a
Limiting Element and Limiting Contingency and
determines the maximum transfer for each pair

— The Limit Monitoring Settings defines the possible Limiting
Elements

e Choose your Limit Monitoring Settings carefully because fewer
possible limiting elements results in a faster calculation

— The contingencies defined in the Contingency Analysis tool
determine the possible limiting contingencies
e Again, fewer = faster calculation

e What does a Limitation of 100 MW mean?

— After a transfer of 100 MW between the seller and buyer,
the limiting element will be loaded to its limit during the
limiting contingency
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Calculate of linear ATC values for the

Base Case

 For each monitored element M in the system
determine a Transfer Limitation T

PTDF is positive, so look for Element
overload in the positive direction

( Limit, — MW
M M ; PTDF, >0 PTDF value is very small,
PTDFM which means that the
P _ transfer has a VERY SMALL
Tw =9 oo (infinite) , PTDR, =0 impact on the limiting
- element.
- LImItM - MWM PTDF.. <0 Option for ignoring small PTDF
PTDFM ’ M values discussed soon

PTDF is negative, so look for Element

overload in the negative direction
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Calculate of linear ATC values for
Contingencies

 Then, for each monitored element (M) during each
contingency (C) determine another Transfer

Limitation T
Calculation of OMW and OTDF was

discussed in Linear Analysis Section

( Limit,, —OMW,,
¢ . OTDF, >0
OTDFM i Same comments
Tuc={ = Gnfini)  ; OTDF, =0 -[trenemess
_ LimitM —O|\/|WM - as previous slide
¢ . OTDF, . <0
OTDF,, . !

\
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Output of Available Transfer Capability
(ATC)

e A list of transfer limitations will be determined

e Each transfer limitation logs several important values
— Transfer Limitation in MW

— Limiting Element: the power system element, such as a
transmission line, which causes the limitation

— Limiting Contingency: the contingency during which the
limitation is expected (could be none)

— OTDF: the sensitivity of the limiting element to the transfer
direction under the limiting Contingency (PTDF if base case)

— OMW: the estimate of the limiting element flow after the
limiting contingency occurs (but before transfer)

— Limit: The MW limit (rating) of the limiting element
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ATC Dialog

* To open choose Add Ons = Available Transfer
Capability (ATC)...

&

Available Transfer Capability = = E
-_I-Opticuns Options |
¢ i/ Common Options Common Oofions | : : - I |
... Define Contingendes p Define Contingendes | Advanced Options | Memo
- Advanced Options
- Memo Seller Buyer
i Analysis @ Area ) Sladk (@) Area ) Sladk
4 - Result - L - L
. () Zone () Injection Group ) Zone ) Imjection Group
- Al Limiters 55 A - - A -
( :O m m O n -Branch Limiters _ Super Area I Bus ~) Super Area ~ Bus
- Interface Limiters
Seller [1{To|:|}| v] Buyer [2 (Left) v]

- Momogram Interface |

O t : Find Seller... [ Rewverse Buyer (Seller l Find Buyer...
p I O n S Linear Calculation Method Transfer Result Reporting Options

Linearized AC Transfer Limiters to Save 20 =

@) Lossless DC Max Limiters per CTis 5
() Lossless DC With Phase Shifters

Enable Phase Shifters Post-Contingency Max Limiters per Blement o
Indude Contingencdies Max MW Limitation 99999 :
Report Base Case Limitations Ignore Elements 0.50 = o
Wi {1 . - o
Report Generation Reserve Limitations with OTDFs below
Ignore Elements 0.50 =
[ Limit Monitoring Settings ... with PTDFs below HE %
4| I | 3
’ Save Settings ] [ Load Settings l ? Help ] [ IL Close l
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ATC Dialog:
Common Options

e Seller and Buyer Type
— Specifies the buses/loads/generators that make up the seller and buyer

e Linear Calculation Method

— This is the calculation method used to determine PTDF and LODF values
used in the linear ATC analysis.

e [nclude contingencies
— Check to include contingencies in the calculation
— Only contingency actions related to MW injection changes, branch

outage/closures, and line rating changes will be used
e This is because a linearized lossless DC model is used

— POSTCHECK actions act as CHECK actions during linear methods and are
checked at the zero transfer level
e Option with Contingency Analysis settings can be set so that iterated
contingency method will evaluate these after other actions have been

“implemented”. This will make the process slower but better reflects
conditional actions.
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ATC Dialog:
Common Options

 Report Base Case Limitations

— When checked, the ATC tool will report transfer
limitations from the base case

e Report Generation Reserve Limitations

— When checked, the ATC tool will report transfer
limitations from generation reserve

e Limit Monitoring Settings

— Click this button to open the Limit Monitoring
Settings
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ATC Dialog:
Common Options

e Transfer Result Reporting Options

— Transfer Limiters to Save = X
e The lowest X limitations will be saved

— The rest of the of the options all filter out limitations

* Max Limiters per CTG = X

— Only the X lowest limitations that have the same limiting contingency will be
saved

— Limitation’s limiting element must also exist in the Y Limiters per Element for
that limiting element
e Max Limiters per Element =Y
— Only the Y lowest limitations that have the same limiting element will be saved

— Limitation’s contingency must also exist in the X Limiters per CTG for that
contingency

* Max MW Limitation
— Limitations higher than this will not be saved

— If there are no limitations lower than this value, the lowest limitation will be
reported.
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ATC Dialog:
Common Options

* Transfer Result Reporting Options

— The rest of the options all filter out limitations

e Ignore Elements with OTDFs/PTDFs below

— Any Limitation that has an OTDF/PTDF below the specified
value will not be saved. This means that the transfer has a very
small impact on the limiting element, so it is reasonable to
ignore the limitation.

S5: Available Transfer Capability © 2014 PowerWorld Corporation 14



Sample 7-Bus System

e Open B7Flat.pwb
e Change to Run Mode and go to Add Ons = ATC

 Auto insert contingencies
— Go to Options = Define Contingencies tab

— Right-click on grid and choose Insert Special 2 Auto
Insert Contingencies

— Take all defaults and choose Do Insert Contingencies

e Set transfer direction
— Go to Options = Common Options tab
— Set Seller to Area 1
— Set Buyer to Area 2
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Sample 7-Bus System

 Option Settings

— Options 2 Common Options
* Include Contingencies checked
* Report Base Case Limitations checked
* Report Generation Reserve Limitations checked
e Transfer Limiters to Save = 50
 Max Limiters per CTG = 10
e Max Limiters per Element = 10
e Max MW Limitation = 99999
* lIgnore Elements with OTDFs below = 3%
* lIgnore Elements with PTDFs below = 3%

— Options 2 Advanced Options
e ATC Solution Method = Single Linear Step (SL)
* Model reactive power for linear methods by... = Ignoring reactive power
e ..Allow amp limits... NOT checked
* Allow Generator MW Limit Enforcement in Single Linear Step = NOT checked

S5: Available Transfer Capability © 2014 PowerWorld Corporation 16



ATC Dialog:
Analysis Page

Available Transfer Capability

Advanced Options

> -Result

Starting Pre-cakoulating Contingency Sensitivities at September 04, 2014 10:55:44
Finished Pre-caloulating Contingency Sensitivities at September 04, 2014 10:58:44
Beginning Linear ATC Anzhysis at Septamber 04, 2014 10:58:44

Finished Linear ATC Anzhysis 3t September 04, 2014 10:58:44 \

Abort Caloulation

Buttons to Control

= = EE
4 - Options Analysis |
i i Common Options
. Define Contingendies | Start Analysis | Restore Initial State ]<ﬁ

[ Increase Transfer ]

[Saue Settings ] ’ Load Settings ]

? Help | l-'LCIuse

the Analysis

Provides information
~ about the overall ATC
Solution Process
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Analysis Page:
Options and Buttons

e Start Analysis
e Abort Calculation

— Will abort a calculation which is in progress

e Simulator may have to complete some calculations prior to
aborting

e Restore Initial State

— Restore the system to the state when analysis started

* |ncrease Transfer

— Click to increase the amount of the transfer by a user
specified amount
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Result Page: Default Columns

ATC Dialog:

&

.

T I

Contingency Definition

Actions

[y

PEM Line One_133.0 {

1) TO Two 138.0

(2) CKT 1

Model Criteris |51.atus |

MW Description of Name of Limiting OMW/MW
Limitation  Limiting Element  Contingency  OTDF/PTDF
[ res \
A\rai|ﬁz¢ransfercapabi|ity \ /E@]
[#- Options Result |
i Analysis -
Ié_l--ResuIt 22 "i |:||:| + |:| | ﬁ NIBI:,3,| Records = Set - Columns - " |H.E HUHE "' %* i%REL i}
't [ Bijmiters | Brandﬁ | |m|ter5 | Interface Limiters | Nomogram Interface lelters|
- Branch Limiters ] v o
Interface Limiters Trans Lirn Limiting Element ‘ Limiting CTG “u OTDF |Pre-Trans|Limit Llsen:1 o
‘- Momogram Interfdce | . Est
- 1. 56 Branc ne (1) ree {3) D000 1D meND0000 2 Tweo . 1. &5, 00
2] 1| -110.56 B h One (1) TO Th (3) L 00000 10000002 TwoC1 33.33 101.85 65,00
-11.98 Branch Twa (2) ive {5) CIL_000002Two-0B0065ix B5. i7. 0. 00
S 2 11.98 B h Two (2) TO Five (5) CIL_000002Two-0B00065ixC 1 65,71 107.87 100,00
S 3 50.33 Area Left {2) Basze Case 0,00 .00 .00
© 4 70,10 Branch Two {2) TO Five (5) CIL_000004Four-00000&FiveC1 16.67 88,32 100,00
= b 5|  73.18 Branch Four (4) TO Five (5) CL_000002Two-000005KveCt 1621  43.14  60.00
E 6| 101,19 Branch Four {(4) TO Five (5) CL_000002Two-0000065kC 1 34.29 25,30 50,00
-l 7| 137.20 Branch Two (2} TO Six (| < 4 i
- 5| 1442t Branch one (1) To 1o A description of the selected ,
‘G ¢| 176.51 Branch Four (%) TO Five |Im|t|ng contlngency appears in the
c 10| 186.17 Branch Tweo (2} TO Six (| i
S 11| 157.57 meench Two (2) To Fve CONtiNgency Definition section | =
-
—
G
o
i)
L2
—

k

ISE'U'E Settings ] ’ Load Settings ]

[ ? Help ] [_j"Lclnse ]
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Note: Limit
Used values
may not be
exactly equal to
the MVA Limits

of a branch.

If you change the
Use Amp Limits or
Model Reactive
Power options, they
may change.
Include the MVA
Limit Used field to
see the actual MVA
limit.
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Common Columns for Results

e Trans Lim
— Transfer Limitation in MW

— This is the ATC, or more appropriately ITC. This value reflects the
amount of incremental transfer above what is already in the base case
that can occur between the Seller and Buyer before the Limiting
Element reaches its Limit under the Limiting CTG.

e Limiting Element

— The power system element (normally a branch) that causes the
limitation

— This could be either the Buyer or Seller if choosing to Report Generation
Reserve Limitations

 Limiting CTG
— The contingency during which the limitation is expected
* % OTDF

— The OTDF (or PTDF if base case) for the Limiting Element for this
transfer direction
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Common Columns for Results

e Limit Used
— This is the value of the Limit being used by the ATC for the
Limiting Element during the Limiting CTG
— Reflects what is specified in Limit Monitoring Settings and options
for modeling reactive power and amp limits

 Pre-Transfer Value Estimate
— If a contingency is not included in the Limiter, this is equal to the
Initial Value

— When a contingency is included in the Limiter, this is the linear
estimate of the post-contingency flow before any transfer occurs

(outage MW)

e |[nitial Value
— This is the flow on the Limiting Element in the Initial State (before
any transfer or contingencies occur)
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ATC Dialog:
Showing only Branch Limiters

e Click on Branch Limiters to only show those limitations
related to a branch limit

— Can also do for interface limiters or nomogram interface limiters

[®] Available Transfer Capability (= ][ =] ]
(- Options Result |
L Analysis ) ; T
e gt 36 28| 4 88| necrss - ser- counns - @ - T @0 @@ B 2 | Right-click on this list
All Limiters (| Bran iers | Interface Limiters | Momegram Interface Limiters | P . .
Limiters
i Interface Limiters Trans Lim| From % To |Circuit Limiting CTG %% OTDF |Pre-Trans| M‘ d IS p I ay to b rl ng u p
t... Nomogram Interface | Number NOMHepblame el H
e i Ore 3 Three [_0000010ne-00000ZTwoCl  33.33 101 65.00 Dis P I aY/ Column
2 -11.98 2 Two 5 Five 1 SRE000  Tyweo-0000065ixC 1 £65.71 .87 100,00 .
3| 700 2 Two 5Five 1 L_0o0og 00005FveCl 1667 88,32 100,00 (0] pt lons to a d d
4 73.18 4 Four SFive 1 L_ 00000 2T wo-000 el 15,21 48,14 50,00
5| 101.19 4 Four 5 Five 1 L_ 00000 ZTwo-0000065ixC 1 4,29 25.30 60,00 COI u m n S re I ated to a
6| 137.20 2 Two G 5ix 1 L_00000 ZTwo-000005FiveC1 83, 5.04 200,00
714444 1 One 2 Two 1 L_0000010ne-000003ThreeC1 33.33 . 50,00 1
8| 178.51 4 Four 5 Five 1 L_00000 10ne-000002TwolC1 19,19 26,13 &0, b ra n C h O r CI I C k 0 n
9| 186,17 2 Two & Six 1 L_000004Four-000005FveC1 83.33 44,86 200,00 I H
10| 187.57 2 Two 5 Five 1 L_00000 10ne-000003ThreeC1 8.30 84.43  100.00 tOOI ba r O ptlo n
11( 198.44 2 Two o 5ix 1 L_00000 10ne-000003ThreeC 1 79.15 42,92 200,00 -
Contingency Definition .
Actions Model Criteria ‘ Status ‘ Con FO rin Sta n Ce’ Area
1|pPEN Line One 138.0 (1) TO Two 138.0 (2) CKT 1 HECK Names’ Nom|na|
1 [ r
g —— ; voltages, etc.
[Save Settings l [ Load Settings l [ ? Help ] ’ fL Close ]
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Better/Faster Analysis

e Make good use of the Ignore Elements with
OTDFs/PTDFs below options

— Low PTDFs/OTDFs means that the limitation is
really a problem with the system in general

— Ask yourself if this should limit the transfer
e Limit the number of contingencies considered
— Both faster and saves computer memory

e Limit the number of elements monitored
— Both faster and saves computer memory
— Can be done using the Limit Monitoring Settings
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ATC Dialog Options:
Advanced Options

Available Transfer Capability = [ 2

4 - Options Options |
¢ e Common Options
- Diefine Contingencies

| Common Options | Contingency Definitions | Advanced Options |Memu |

- Advanced Options ATC Solution Method Transfer Calculation Options
 Memo @ Single Linear Step (5L) Transfer Tolerance | 10.000000 |2
- Analysis
“Resuit ) Tterated Linear Step (IL) B 0.00[2
- All Limiters Ignare L
-~ Branch Limiters ) (IL) then Full CTG Solution AnETEr LimiErs 1|l

- Interface Limiters Iterate on
- Momogram Interface |

[ Linearize Makeup Power Calculation T

[ Define Extra Manitors Injection Group Options

[] Analyze Multiple Scenarios Define Contingency Solution Options

Use spedfic solution options

Model reactive power for linear methods by... Force all transfer ramping to oceur in

@ Ignoring reactive power pre-contingency states and repeat full
i CTG solutions
() Assuming constant voltage magritude Iterate on failed contingency

() Assuming reactive power does not change

[ For linear methods, allow amp limits by assuming a constant voltage magnitude,
Then multiply the MVA limit of the transmission line by the per-unit voltage of the line

[ Allow Generator My Limit Enforcement in Single Linear Step (Always allowed with iterated methods)

4 | 1 | 3

’Saue Setﬁngsl ’Load Setﬁngsl [ ? Help ] [ fLCIose ]

S5: Available Transfer Capability © 2014 PowerWorld Corporation 24



ATC Advanced Options:
Linear Method Options

e Linearize Makeup Power Calculation

— Calculate the impact of makeup power on line flows at the beginning of
each linear step and not for each contingency

— Generator limits will not be enforced in the makeup power calculation

e Model reactive power for linear methods by...

— Specify how you want to treat reactive power when using one of the
linear methods
* |gnore reactive power
e Assume constant voltage magnitude
* Assume reactive power does not change

e Allow Amp Limits
— For linear methods, allow amp limits by assuming a constant voltage

magnitude

e This will multiply the MVA Limit by the per-unit operating voltage of the
transmission line (can increase or decrease the Limit Used)

e Treat Line Limits as Equivalent Amps option on the Limit Monitoring Settings
dialog must also be checked
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ATC Advanced Options:
Linear Method Options

 Allow Generator MW Limit Enforcement in Single
Linear Step

— Always allowed when calculating linear steps as part of
iterated methods

— Other relevant options for Generator MW Limit
enforcement must also be met

— Only generators that are not already at limits will
participate
e Seller — generators must be below Max MW limit to
participate
e Buyer — generators must be above Min MW limit to
participate
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Determining Limit Used

e Limit Monitoring Settings
— Determines the MVA Limit to start with
e MVA Limit = Defined MVA Limit * Monitor Percent

e ATC is calculated at each end of a line

— Most limiting value is reported as the ATC for a
given line

— Limits are calculated at each end of a line to
determine the most limiting ATC

e Allow amp limits
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Determining Limit Used

e Model reactive power for linear methods

— lgnore reactive power
Limit Used = MVA Limit
e With Allow amp limits
Limit Used = MVA Limit * V
where Vis the bus voltage at the end of the line
from which the limit is taken

— Assume constant voltage magnitude

* Intersection of operating circle and limiting circle used to assign
adjusted limits to lines

e Operating circle defines a circle of valid MW and Mvar values for a
transmission line as a transfer takes place across the system

e Limiting circle has a radius equal to the MVA limit of the line
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Determining Limit Used

* Model reactive power for linear methods

— Assume reactive power does not change

Limit Used = /(MVA Limit - (Mvar

e With Allow amp limits

Limit Used = /(MVA Limit*V ¥ — (Mvar f

where V is the bus voltage at the end of
the line from which the limit is taken
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ATC Advanced Options:
ATC Solution Methods

* Single Linear Step

— Complete Linearization of the problem using PTDF, LODF and OTDF
calculations

— Very fast solution

e |terated Linear Step

— lterates between a Single Linear Step calculation and ramping out the
transfer until the linear step calculations result in a transfer of zero
(within a tolerance)

— Only available for buyer/seller types of Area, Super Area or Injection
Group

e (IL) then Full CTG

— Performs the Iterated Linear Step, then actually implements the full
contingency and moves the post-contingency state around until the
limiting element reaches its limit exactly.

e Optionally can force the transfer ramping to occur pre-contingency

— Only available for buyer/seller types of Area, Super Area or Injection
Group
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ATC Advanced Options:
lterated Solution Methods

e Perform the following for Both Iterated
Methods

Perform Single Linear Step ATC calculation

Stepsize = |Minimum Transfer Limitation!found which is greater than
the Minimum Value to Tterate On
(Note: save this initial step size for use by Full AC)

If [abs(Stepsize) > Tolerance| and [lteration <|Max Itr’l

then o
. Transfer Cahulakion Options
Ramp transfer out by Stepsize \ Transfer Toletnze [10.0000 =
Resolve Power Flow , .
ax Iterations |10 o
GO baCk to Step 1 Yhen iterating, oon . -
Else CO ntinue Ignore Limikers below : | U
Transfer Limikers bo ﬁ'
. .. 1 =
Take the first|Specified Number|of | Iterate on

Transfer Limitations and lterate on them Individually (see next slide for
description of individual iteration)
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How Simulator Iterates on Individual

Transfer Limitations

* |nterna I\{ changes limit monitoring to only
monitor the Limiting Element (line or interface
only, other limitation will stop the process)

* |nternally change to only process a single
contingency (or the base case if appropriate)

Perform Single Linear Step ATC calculation (this should only return a single transfer
limitation because we are only monitoring a single line under a single contingency)

Stepsize = Transfer Limitation Found
If [abs(Stepsize) > Tolerance] and [Iteration < Max Itr] then
Ramp transfer by Stepsize and Resolve Power Flow
Go backtostep 1
Else Continue
If doing (IL) then Full CTG (ramping in post-contingency states) then
Implement the Contingency Power Flow Solution
Internally change to process no contingencies
Perform steps 1 through 3 until tolerance met or max iterations reached
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How Simulator Iterates on Individual

Transfer Limitations

If doing (IL) then Full CTG (ramping in pre-contingency states) then
Store the system state following the iterated process on the single
monitored line and contingency

Implement the Contingency Power Flow Solution
If contingency power flow converges then continue with
Else if option to iterate on failed contingency is true then iterate
on failed contingency
Else Stop

Perform Single Linear Step ATC calculation on the individual limiter
(single monitored line without contingency)

Stepsize = Transfer Limitation Found
If [abs(Stepsize) > Tolerance] and [lteration < Max Itr] then

Restore system state stored in
Ramp transfer by Stepsize and resolve power flow

Go back to step
Else Stop
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ATC Advanced Options:
Transfer Calculation Options

e Transfer Tolerance

— When using iterative methods, this tolerance is used to
determine when the ATC method has converged

e Max lterations

— Maximum iterations for the iterated techniques
 If this occurs, you will see a transfer limited labeled oscillating

* When Iterating Ignore Limits Below

— Set this to iterate only on the limitations that are larger
than a specified value

* Transfer Limiters to Iterate on

— Number of transfer limiters to iterate on the IL or (IL)
then Full CTG solution methods.
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ATC Advanced Options:
Transfer Calculation Options

e Power Flow Solution Options

* Injection Group Options

— When using injection groups for the Seller and Buyer,
island-based AGC is used. These are the same options
that are set for Island-Based AGC when dispatching
using an injection group.

e Define/Modify Contingency Solution Options

e Use specific solution options for contingencies

— Check to use solution options defined by pressing
Define Contingency Solution Options

— Uncheck to use solution options defined by pressing
Power Flow Solution Options
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ATC Advanced Options:
Transfer Calculation Options

e Options for minimum per-unit voltage for constant power
and constant current loads set to O internally for base case
and contingency solutions

e Force all transfer ramping to occur in pre-contingency states
and repeat full CTG solutions

— Determines if the ramping occurs before or after applying the
contingency

— Can make a difference for contingencies that contain conditional
actions

e [terate on failed contingency

— Only available with option to force ramping to occur pre-
contingency

— Additional process to determine more precisely at what transfer
level a contingency fails to solve
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What does the Trans Lim Mean for the
ATC Solution Methods?

e Single Linear Step (SL)
— Only one Linear ATC step is performed

— The Transfer Limitation values are those found during
this step

e |terated Linear Step (IL)
— The Linear ATC method is iterated during this method

— The Transfer Limitation values for the limits that are
iterated on individually are those found during the final
step performed plus the accumulated amount the
transfer has been ramped during the iterations

— The Transfer Limitation values for limits not iterated on
individually are the values found from the initial
iterated step when all limiters are iterated on
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What does the Trans Lim Mean for the
ATC Solution Methods?

* |terated Linear Step (IL) then Full CTG

— The Transfer Limitation values for limiters that are
iterated on individually equal the accumulated
amount the transfer was ramped as of the last
successful solution

— The Transfer Limitation values for limiters that are
not iterated on individually are the values found
from the initial iterated step when all limiters are
iterated on
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Example Iterated Linear ATC

o

-

Determines Linear ATC
at Initial State

Actually implements
the 200 MW transfer

Determines Linear |
ATC at new transfer level

etc.

[= e

Available Transfer Capability

>

1| 1]

EI Dptuns Analysis |
- Common Options : -
- Define Contingencies [ Start Analysis [ Restore Initial State ]
- Advanced Options Ahort Calculation | Increase Transfer |
i -Memo
i Analysis
= Result X e R — - .
o rez Left (2} must be on partidipation factor control for ferated methods, Control Status temporarity changed, ~
\ All Limiters Area Top (1) must be on participation factor control for ferated methods, Control Status temporarity changed., —
imi Eolving the initial case, |_|
. Solving power flow afer adjusting tolerances,
Starting Pre-caboulating CD"""ge"D,f 5e"5 wities at August 13, 2010 17:00: 16
% - =0 b T I P W I o 7 " TR

Beginning Inerated L nesr .ﬁ.TC .ﬁ."a'\r-'ss a1 .ﬁ.ugur 13 2'.'1'1':' 17:00: 16
Starting determination of Linear ATC Steo Size 2t August 13, 2010 17:00:16
Finished determination of Linear ATC Step Size at August 13, 2010 17:00:16

} Attempding to change Tansfer by 200,00 MW,
Increasing by 200,00 MW 1o 2 total of 200,00 MW,
Crarges waveer o 200,00 M on s sone of 2000 M
Szarting determination of Linear ATC Step Size at August 13, 2010 17:00:1&
Finished determination of Linear ATC Step Size at August 13, 2010 17:00:16
T RLEmng o change ane e oy o.aZ .

Increaszing by 0,42 MW 1o a total of 200,42 MW,
Changed wansfer by 0,42 MW to 3 tozal of 200,42 MW,
Total ransfer of 200,42 MW found from Iterated Linear ATC,

Completed Iterated Linear ATC Anshysis at August 13, 2010 17:00:16

Starting [terated Full AC ATC Anabysis on top 5 Emitations at August 13, 2010 17:00:16
Starting [terated Full AC ATC Anabysis on Emitation number 1,
Limiting Element = Branch Two {2} TO S (8) CKT 1
Limiting Contingency = Contingency L (M7 Sev en-K5FveC1

Performing Iterated Linear ATC Anzhesis
Starting desermination of Linear ATC Step Sze at August 13, 2010 17:00:16
Finiched determination of Linear ATC Step Size 2t August 13, 2010 17:00:18

[ I Attempting to change Tansfer by 0,38 MW,

[Save Setings ] ’ Load Settings ]

S5: Available Transfer Capability

? Help l-'L Close
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Example Iterated Linear ATC Results

Limitations that were iterated are Yellow —iterated on but linear estimate of contingency

highlighted in yellow or cyan

Cyan — contingency actually implemented

AvailabIeTransfer Capability = [ =] (3]
(- Options Result |
i i~ Common Options ]
1PT. a 7 Al o »
- Define Contingendies === | | diy 24 | Records * Set » Columns = B~ | G- ME. 9 EHe WY ?
:::Idvanced Options All Limiters | Branch Limiters | Interface Limiters I Nomogram Interface Limiters |
- Memo
nalysis Trans Lim Limiting Element ‘ Limiting CTG % OTDF |Pre-Trans|Limit Usen:‘ o
- Result ek

M 7l Limiters 15| 199,75 Branch Seven (7) TO Five (5) L_000002Two-0000065ixC 1 -100,00  -200.25 -200.00
 Branch Limiters 15| 188,58 Branch Tuia (2) TO & (8) <K L_0000075even-000005FH=C | 100,00 | 200,08 200,00
e & 17| 200,22 Branch Twa (2) TO S (5) €K L _000008&/x-0000075evenct | 84,71 200,02 200,00
- Nomogram Interface | 18] 200,22 Branch Twia (2) TO S (8) €K L_0000085x-0000075evenca | 8471 200,00 200,00

19| 200.31 Branch Two (2} TO Six (&) CK Base Case 79.10 199,93 200.00

20| 210,41 |Branch Two [2) TO Six (&) C|L_000003Thiee -000004Fours 2g.00 188,31 200,00

21| 211.28 Branch Four (4) TO Five {5) CL_000003Three-000004Fourc 16.00 58.19 50,00

22| 222.34 Branch Two (2) TO Five (5) CIL_000002Two-000003ThreeC1 .00 98.52 100.00

23| 243,38 Branch Two (2) TO Five (&) CIL_000002Two-000004FourC 1 5.86 97.46  100.00

24| 243.88 Branch One (1) TO Two (2) CIL_000004Four-000005FiveC 35.27 134,52 150.00

25| 252,27 Branch Two (2) TO Five (5) ClBase Case g.21 85,71 100.00 -

Contingency Definition
Actions Model Criteria ‘ Status ‘
1JOPEN Line One_138.0 {1} TO Two 138.0 {2) CKT 1 CHECK
1 [ r
1] I p

[Sa\-'e Settings l ’ Load Settings ]

When lIterating Ignore Limits Below was set to 200 MW,

thus as it was iterating out, it i
S5: Available Transfer Capability

gnored limits below this
© 2014 PowerWorld Corporation
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Special notes regarding
Iterated Techniques

e Pre-Transfer Value Estimate

— For Iterated Linear, this is value at the last Iteration
Step

* % OTDF

— For Iterated Techniques, this the value at the last
Iteration Step
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Special notes regarding
Iterated Techniques

e Special Transfer Limitations

— Special keywords appearing in either the Limiting Element or Iteratively
Found fields and colors indicate if power flow solution failed and where
in the process that it failed

— Give indication if a power flow failure is due to ramping the transfer

(gray)

— Give indication if a power flow failure is due to solving a contingency
* [CTG_FAIL_IN_FULL (orange),[CHGHERINNITERAIED r-d), CICHEAINNNNEASE
(purple)
— Give indication if the solution fails because an Abort contingency action
was implemented

« CTG_ABORTED LINEAR (orange),/ICTG ABORTED AFTER LINEAR (orange),
CTG_ABORTED_IN_FULL (orange), |CIGRABORTEDNNERATED (red)

— Gives indication if the transfer step is oscillating
e (OSCILLATING (lime green)
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ATC Advanced Options:
ATC Extra Monitors

e What is an Extra Monitor?

— An Extra Monitor consists of only two pieces of
information
e An interface or branch (the extra monitor)
e Relative Monitor Sensitivity Constant

— The ATC tool calculates numbers representing the
maximum MW transfer between the Seller and Buyer

— When you define an Extra Monitor, Simulator will
estimate the flow on this branch or interface at the
Transfer Limitation calculated

* Provides you with an estimate of what a particular branch or
interface flow will be at the transfer limit
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ATC Advanced Options:
Defining ATC Extra Monitors

e Click Define Extra Monitors to open the list of Extra
Monitors

(8] ATC Extra Monitors EI@
B B Ak % 5% | #h Eﬁ?tn| Records = Set ~ Columns = [Egf~ |i‘i'!§]"r W F OB E | Options ~

Relative Monitor
Sensitivity Constant

ATC ExMon Obj Monitor Limit

1 Eranch Two (2) TO Five {5) CKT 1 100,00 0. 500000
2 |Intérface Left-Right () 0,00 none
4 I
W) ATC Extra Monitor [F=N(E=R|x2)
Monitar Type [=] Sort () By Mame @) By Mumber
Interface MW Flow Filter |"!"'j"""5"'-":'3"_'| h ”Brand‘| v| | - |
E3) |Use Area/Zone Filters Define/Find...
@) Line MW Flow 3 | searchiext | [ Searchal |

Right-click and You can use wildcard characters = or ?
choose Insert to open
a dialog to define the
extra monitor

element

Select Far Bus, CKT
1{One) [138 kv] CKT 1
3 (Three) [138 kv] CKT 1
4 (Four) [135 kV] CKT 1

Search For Mear Bus
1({0ne) [135 kY
2 (Two) [133
| 3 (Three) [133 kv]
4 (Four) [138 kV]
5 {Five) [138 kv]
& (Six) [138 k]
7 (Seven) [138 kV]

? Help x Cancel

© 2014 PowerWorld Corporation 44
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ATC Advanced Options:
Relative Monitor Sensitivity Constant

 Provides an additional method of filtering out transfer
limitations

e |f this constant is larger than zero, then only Transfer
Limitations whose OTDF (PTDF if base case) and Limit
Used meet the following constraint will be included in
the Result

OTDF, ¢ . Ratinggavon S Relative Monitor
LimitUsed,, PTDF ~ { Sensitivity Constant

ExtraMon

e This provides a measure of how much the limiting
element is affected by the transfer RELATIVE to its MW
limit
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ATC Advanced Options:
Multiple Scenarios

* Analyze Multiple Scenarios

— Check to calculate ATC values for several scenarios
e Adds a new page called Scenarios to the form
 The Result page is replaced with Results page
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Analyze Multiple Scenarios ATC

Pages for different Scenario Types

HAvailable Transfer Capaﬁit_\f = = OER
> - Options %rios |
i~ Distributed Computing - . :
4 - Scenarios Line Ratings/Zone Loads | Generator Outputs | Interface Ratings |
4-Line Ratings/Zaofe Loads Rngﬂ_nad Scenarios 3= Total Scenarios 3 [ Set Scenario Mames
i i|Line Ratings A . . - X
. Line Ratings 8 "/ﬁne Ratings A | Line Ratings B I Fone Loads |
‘.. 7one Loads [ anly Maritar Scenarios Limits

-~ Generator Quiputs % "H" ‘_'.53 ;':'_E ﬂ ?&n Records = Set = Columns = ' HE' H&E' ¥ %' i%ﬂ fix) = @ Options -~

i Interface Ratings
- Analysis From MNumber ‘ From Mame | To Mumber | To Mame | Cirv:u( | RLO | RL1 | RL2
- Results / 1 2 Two 5 Five 1 L 130.00 140,00 f_100.00
» - Combined Ry 2 4 Four 5 Five 1 50,00 70,00 30,00

Number/of . |

Scenarios for this Specific objects to be zf:c'ngs fczlurlng

Scenario Type modified during scenarios ITreren
Scenarios

Monitor only the lines
that are specified in either

== the Line Ratings A or Line | Pree | | Hices |
Ratings B lists
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Line Ratings/Zone Loads

e These Scenarios would be based on
atmospheric temperatures

e Line Ratings scenarios can change the “A”
and/or “B” Rating of the line

e Zone Loads

— The AGC method (none, area/super area, or island-
based) in place in the base case will be used to

make any necessary generation adjustments due to
the load changes
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Generator Outputs

e Create these generator output scenarios to

show different generation profiles
— The AGC method (none, area/super area, or island-
based) in place in the base case will be used to

make any necessary generation adjustments due to
the generator changes
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Interface Ratings

 These scenarios can be used to change the
Interface “A” Ratings

— Could be used to specify different interface flow
scenarios if using the OPF to enforce interface
flows as an equality
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How are Scenarios Analyzed?

e Simulator performs ATC analysis on ALL
possible combinations of scenarios

— 10 sets of Line Ratings/Zone Loads

— 8 sets of generation profiles

— 3 interface constraints

— > Means there are 10*8*3 = 240 Scenarios

e Obviously More Scenarios = Longer Solution
Time
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Results for Multiple Scenario Analysis

Opens the Transfer Limiters Display Value to show in the summary table
AvailableTransFer\Eability / o = 53
» - Options Results | /
- Distributed Computing £
4 -Scenarios Axis Order [RJ_, G, I / v]
: 4 -Line Ratings/Zone Loads _ — -
© . Line Ratings A | Field to Show [Transfer Lirnit v] ’ Find ]
- Line Ratings B N\
+ Zone Loads ’ Shaw Transfer Limiters ] m to Excel ] [ Save to Texﬂ
- Generator Outputs \

Click on the cells ™= El

Of the ied Fesults "GU‘)RLEDIJD RLIE?.% RL;.]‘? CIICk to Save
“workbook” to G1  65.88 112.51 26.03 brief

update the “work-book”- like display summaries of
Transfer Limiters showing the results under results (only
Display the different scenarios saves the

worst
Limitation for
each Scenario)

1
’Sa‘ue Settings ] ’ Load Settings l ? Help l—'L Close | ‘ ‘
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Multiple Scenario Analysis

Local Menu on

FAvailable Transfer Capability = = ER
» - Options Results |
- Distributed Computing
4 - SCenarios Axiz Order [RJ_, G, I v]
4 -Line Ratings/Zone Loads
{ Line Ratings A Field to Show [Transfer Limit v] [ Find ]
- Line Ratings B
. Zone Loads ’ Show Transfer Limiters ] ’ Write to Excel ] ’ Save to Text Files ]
Generator Dutputs
i Interface Ratings I
- Analysis
e RLO RL1 RL2
» - Combined Results G0 61.30 107.93 33.73 D . b d
J—— escribed on
......................... Take me to Scenario RLO, GL 10 the e Slide
Determine Transfer Limit for Scenario BLO, G1, 10
Take me to the Transfer Limit for Scenaro RLO, G1, 10
-
‘ Increase Transfer for present systemn state
ueturn to Initial State
\.\\
[save settings | [ Load setings | 7 Same as on Analysis tab
|
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Scenario Specified Local Menu Items

e Take Me To Scenario

— Changes power system state to reflect the Scenario
with no additional transfer

e Determine Transfer Limit for Scenario

— Determines the ATC, but Initial State is restored
when analysis is done (if appropriate)

e Take me to the Transfer Limit for Scenario

— Determines the ATC and moves the power system
state to this transfer limit
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Multiple Scenario Analysis
Combined Results

Identifies individual Iimit\ers belonging to each scenario

Scenarios = ]
AvailableTransFer Capability E=R|EoR|Ex=|
| d e nt|f| e d by (- Options Combined Results |
. . i Distributed Computing N
Comb|nat|0n Of (- Scenarios Ba olE %0 o0 | dh 23 | RECDFER Set = Columns = [Bg- | i, iR, % EH. ?
. - Analysis All Limiters | Branch Limiters | Interface Limiters | Namogram Interface Limiters
integer ~Resuls | | [nores |
\\ = Combined Results ATCSce|ATCSce| ATCSce|Trans Lim Limifigg Element Limiting CTG Yo C| =

identifiers for i All Limiters e o b
each scenario |

Mumber|Mumber|Mumber

47 0 761.54 Branch Two {2) TO Four (4) CL_000007Seven-000005FiveC:
t 43 ] ] 0 765,80 Branch Two (2) TO Five (5) ClBase Case
ype 49 0 0 0 787.68 Branch Two (2) TO Five (5) CIL_0000010ne-000003ThreeC 1
0 0 0  788.05 Branch One (1) TO Two (2) CIL_000002Two-000003ThreeC 1
. 51 1 0 0 50.22 Area Left (2) Base Case
Assists greatly 52 1 0 0 50,81 Branch Two (2) TO Five {5) CIL_000002Two-0000065i%C1 ¢
. . 53 1 0 0  126.05 Branch Four {4) TO Five {5) CL_000002Two-0000065ixC 1
INn accessing the 54 1 0 0  128.47 Branch Four (4) TO Five (5) CL_000002Two-000005FiveCl I
r 4 () () 4AM T Pee—el oo M e L FE AT T e AT oA r
. ‘ |
multiple :
. ¥ || Contingency Definition
scenario results
Actions Model Criteria | Status
th rough 1[OPEN Line Two 1380 (2) TO 5ix_138.0 (6) CKT 1 CHECK
auxiliary files a—— | | r
d nd SI mAUtO ’531-'& Settings ] ’ Load Settings ] ? Help ] I'L Close ]
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Special Fields Provide Access to
SUBDATA

e ATCScenario object with <SUBDATA
TransferLimiter>

— Instead of creating new object type, extra key fields
are added to existing TransferLimiter object type

e ATCLineZoneChanges, ATCGenChanges,
ATCInterfaceChanges
— When fields are present, records are associated

with the ATC scenario identified by the extra key
fields

— When fields are not present, records are associated
with the standard single set of ATC results
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